Yet work is often limited to one-and two-magnon sidebands. Higher-order magnon sidebands are difficult to observe because they are either too weak or buried-in the background. In the luminescence spectrum, strong background usually arises from impurity emission bands. 6 With pulsed excitation and detection, however, long-lived impurity luminescence can be largely suppressed. This letter reports our recent observation of luminescence spectra of up to 7-magnon sidebands in MnF 2 and a few less in KMnF3 and RbMnF 3 using such a technique. We interpret the results qualitatively by a simple two-ion local interaction model. Multi-magnon sidebands have earlier been predicted by Bhandari and Falicov from the sud-
en approxlmatlon mo e • In KMnF 3 , n-magnon sidebands with n ~ 3 have 8 been observed by Strauss et al., but no theoretical interpretation of the results has been attempted.
In our experiment, the samples were immersed in superfluid liquid helium. A tunable flash-pumped dye laser was used as the excitation source.
The laser pulses had a pulsewidth of 0.4 ~sec and an energy of a few millijoules per pulse. Luminescence from a sample was collected with either 90 0 or backward scattering geometry depending on the sample dimensions and was analyzed by a double monochromator followed by a photomultiplier and a gated PAR-162 boxcar integrator. The gate with an adjustable width (1 -20 ~sec) was triggered by the exciting laser pulse which was
Simultaneously monitored for signal normalization. To eliminate possible
pickup, gate opening was delayed by 1 ~sec after the leading edge of the laser pulse.
Since the impurity luminescence in the crystals we were interested in had rather long lifetimes (> 1 msec) we could eliminate most of it by using a relatively short gate width (~20 ~sec). The laser pulse repetition rate was also kept low (~ 6 pps) in order to suppress the exception- manifold. Sharp bands 01 and n l are the electric-dipole-allowed onemagnon sidebands of E l • The n l sideband is relatively weak, and so far as we know, its observation has never been reported in the literature.
We have found that just like the 01 emission,3 the n l emission can be very well described by the theory of Loudon 2 with no need of invoking exciton-magnon interaction. The antiStokes emission of 01 and n l is also evident in Fig-. 1. From the theoretical fit of the n l Stokes and antiStokes emission,9 we have deduced an effective crystal temperature of 13.8° K which agrees well with that obtained from the strength ratio of El and Figure 1 also shows a series of luminescence peaks at lower energies.
They form a more or less regular progression. Neighboring peaks are sep- They are therefore identified as the multi-magnon sidebands. Arrows in Fig. 1 indicate where the cutoff frequencies of the multi-magnon sidebands should be. The polarization properties suggest that these sidebands are of electric-dipole origin. The n-polarization spectrum is however significantly different from the o-and a-polarization spectra. With increasing temperature, the multi-magnon sidebands ~s well as the one-magnon sidebands gradually smeared out into the background as they should. As shown in Fig. 1 , up to 7-magnon sidebands were actually observed in MnF 2 " Higherorder magnon sidebands might exist, but our spectra were terminated by the difficulty of positively identifying small structure on the rising background. Phonon-assisted optical transitions are presumably responsible for this strong luminescence background.
We have observed similar multi-magnon sidebands in the luminescence '0".,
spectra of KMnF3 and RbMnF 3 as shown in Fig We now concentrate our theoretical interpretation of the results on MnF 2 . The discussion is equ~lly applicable to KMnF3 and RbMnF 3 . Fig. 3(a) shows schematically the dispersions of magnons and El and E2 excitons in sidebands with n > 6 will have to arise from a higher-order process utiliz- 
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